The supplementation program of the community nutrition project (PNC) launched by the Senegalese Government in order to protect the most vulnerable groups (children and women) was evaluated. Using a stable isotope (deuterium), we assessed the effect of the PNC on breastmilk output, mother's body composition, and baby's growth at three months of lactation. Breastmilk triglycerides, lactose, protein, and zinc were also determined. Mothers who were supplemented more than 60 days during pregnancy showed a significant increase in fatfree mass as compared to those who were supplemented for less than 30 days (p = .03). Breastmilk output was not influenced by the supplementation, but breastmilk lactose, total protein, and zinc contents increased significantly (p < .01) in the supplemented mothers. Growth of the babies of the supplemented mothers was better than that of those whose mothers were not supplemented. It was concluded that the food supplementation had beneficial effects on both mothers' and babies' nutritional status depending on the onset of the supplementation.
Introduction
From 1986 to 1993, the prevalence of malnutrition in Senegal has risen from 6% to 12% for children 6 to 36 months old and to 20% for children under five years old [1] . National authorities undertook a series of measures to protect the most vulnerable groups (women and children) and an externally funded high priority community nutrition project (PNC) was launched by the Senegalese Government under the supervision of the Presidency of the Republic [2] . The PNC consisted of three parts:food supplementation for pregnant and lactating women and moderately malnourished children, nutrition education and a followup study of child growth, and provision of drinking water. The PNC was launched in 1994, with the support of the World Bank, the World Food Programme, and the German "Kreditanstalt Für Wiederaufbau." The Public Works and Employment Agency (AGETIP) executed the program. A National Commission for Combating Malnutrition was created to monitor the PNC. Community nutrition centers involved in the project use local contractors to carry out certain tasks, such as monitoring malnutrition and educating beneficiaries on issues involving food and sanitation. A supplementary food, based on local foodstuffs (millet and maize) was provided for over six months to pregnant women during their last trimester and to lactating women. The supplementation was carried out through network operational centers in poor urban areas.
A stable isotope, deuterium, was used to assess the effectiveness and quality of the supplementation on breastmilk output, maternal body composition, and babies' growth at three months of lactation. The evaluation aimed to determine the optimal timing of supplementation during pregnancy as well as the composition of breastmilk and nutrient transfer from the mother and from outside to the baby. matched controls in the study. All pregnant supplemented women from four sites of the PNC centers: Arafat, Wakhinane, Hann-Yarakh, and Grand-Yoff were recruited. The control group was recruited from lactating mothers with a baby less than one month old in Wakhinane and Hann-Yarakh. Both groups were comparable in term of socioeconomic conditions, and lived in poor suburban areas of Dakar. Among the beneficiaries 41 received the supplement based on millet and 35 the supplement based on maize. The composition of food supplements is presented in table 1.
Approval of the ethics committee of the University of Dakar as well as consent of the subjects and the community was obtained before starting the study.
Methods
Anthropometric measurements (weight and height) of the mothers and babies were carried out at one, two and three months after delivery. Body mass index (BMI) was calculated as weight/height 2 . The babies' anthropometric indices, weight-for age (WA), heightfor-age (HA) and weight-for-height (WH), were calculated using the NCHS standards [3] .
At three months of lactation, the deuterium dilution method (D 2 O) dose-to-mother was used for the determination of breastmilk intake of the babies [4] . The method was tested previously in the field [5, 6] . Briefly, 30 g of deuterium oxide (99.8% purity, Cambridge Isotope Laboratories Inc., Andover Mass., USA) were orally administrated to the mother. Saliva samples were collected from both the babies and the mothers before (pre-dose samples) and after administration of the dose on days 1, 2, 3, 4, 13, and 14 (post-dose samples). Enrichments of the saliva samples were measured using a Fourier transformed infrared spectrophotometer (Shimadzu 8300, Vienna, Austria). Body composition of the mothers (lean body mass and fat mass) was calculated from the total body water component.
Total body water (TBW) was assumed to be equal to D 2 space divided by 1.04. Fat-free mass was calculated as TBW / 0.73. Body fat was computed as body weight minus fat-free mass.
On day 14, breastmilk samples were manually collected for macro-and micronutrient analysis. Mothers expressed a volume of milk from each breast into a sterile vial. Samples were collected two times during the day, mid-morning and mid-afternoon, with a minimal interval of four hours according to the method of Roquelin et al. [7] . Both samples were pooled for the determination of the breastmilk composition. Lactose was determined by an enzymatic method using a kit for lactose/D-galactose measurement [8] . Triglycerides were measured by an enzymatic method after clarification of breastmilk according to Lucas and al. [9] using a kit for serum determination. Total nitrogen (N) was determined by the Kjeldhal method and protein expressed as N X 6.38. No correction has been made for non-protein nitrogen. Energy was calculated by adding the values for protein, lactose, and fat concentrations using the conversion factors 5.65, 3.95, and 9.25 kcal/g, respectively [10] . Breastmilk zinc content was determined by an atomic absorption spectrophotometer (Analyst 300 Perkin Elmer, Courtaboeuf, France). Skim milk powder supplied by the National Institute of Standards and Technology (NIST, Canada) and the Agricultural Research Center (ARC, Finland) were used as reference materials. Results are expressed as means ± SD and statistical analysis was performed using Epi Info 6.04 (CDC, Atlanta, Ga. USA) and Systat 8.0 (SPSS Inc., Chicago, Ill.,USA). Table 2 shows the mean age, BMI, and body composition of the mothers at three months postpartum. There were no significant differences between the supplemented and the non-supplemented groups. Body composition of the mothers, according to the duration of the supplementation, is presented in table 3. There was a significant increase in total body water and fatfree mass in mothers who were supplemented more than 60 days (p < .05). In contrast, the duration of the supplementation had no effect on their fat mass. Breastmilk output and metabolic water from outside (water and supplements given to the baby) are showed in table 4. Breastmilk intakes as well as supplements given to the baby were comparable in both groups. However the composition of breastmilk was significantly (p < .01) influenced by the supplementation. In the supplemented group, concentrations of lactose, total nitrogen, and zinc increased particularly when the food supplement was based on millet (table 5) .
Results
Anthropometric indices of the babies at three months are presented in table 6. WA and HA indices were better (p < .05) in the babies of the supplemented mothers than in those of non-supplemented mothers. The WH index was not influenced by the supplementation.
Discussion
The nutritional intervention of the PNC involved pregnant women during their last trimester of pregnancy. The trial was designed to improve nutrient availability during pregnancy and lactation for nutritionally at risk women. The effects of maternal nutrition supplementation on breastmilk output and infants' growth were assessed, and the deuterium dilution method was used to measure the breastmilk intake of the offspring and the body composition of the mothers. The deuterium dilution method has been found to be more accurate than the test weighing technique [11] and has been used in both industrialized and developing countries [4, [12] [13] [14] [15] [16] ]. An isotope ratio mass spectrometer (IRMS) has been used to measure the deuterium enrichment of the samples [17] , but recently, a modified version of the technique, based on the analysis of the sample enrichment with a Fourier transformed infrared spectrophotometer (FTIR) was developed. It was tested against IRMS, and found to be accurate and suitable for use in field studies [18] . Using a FTIR and the deuterium dilution method, breastmilk output was not impaired in three-month Senegalese lactating women [5] .
The lactation capacity of underprivileged women living in developing countries has been questioned for a long time. Despite its importance for public health, the question of whether poorly nourished women can improve their lactation performance when increasing their dietary intake was conflicting [19] . Several studies in developing countries have reported a positive or no relationship [19] [20] [21] [22] [23] [24] [25] [26] [27] .
A comparison between the supplemented and the non-supplemented women indicated that breastmilk output was not impaired. In both groups, the breastmilk intake of the babies was within the normal range expected at three months of lactation [20, 23, 27, 28] . Milk-output of these underprivileged mothers was not influenced by the supplement or the duration of the supplementation. These results are in accordance with previous studies conducted in the Gambia [26, 27] , Indonesia [25] , and Kenya [22] , supporting a lack of association between supplementation and breastmilk output.
In contrast, the food intervention had a positive impact on breastmilk quality. Although the composi- Stable isotope aided evaluation of Community Nutrition Program tion of the breastmilk produced by the subjects was within limits observed among well-nourished women for protein, lactose, fat, and total energy [28] , the average protein and lactose contents were significantly increased in the supplemented mothers, indicating that the food supplement was beneficial to them. Similar findings have been reported for Gambian women during the farming season [26] . The increase of zinc concentration in the breastmilk of the supplemented women might be related to the enrichment of the food supplement with zinc: 8 mg/ 100 g in the food based on millet and 6 mg/100 g in the food based on maize.
Until three months of age, the rate of babies' growth in both groups was comparable to NCHS standard curves. However, the rate of growth of the babies from the supplemented mothers exceeded that of the non-supplemented ones. In the non-supplemented group, 10% of the babies were stunted at one month of age (HA < -2 Z scores) compared to 2% in the supplemented group (not shown). Mean stature growth, weight-for-age and height-for-age were higher in the babies of supplemented mothers suggesting growthlimiting nutrients in the breastmilk of these underprivileged women.
The nutritional status of the women at three months of lactation, assessed with BMI, was not influenced by the food supplementation, but the duration of the supplementation during pregnancy had an impact on the body composition of the mothers, resulting in an increment in fat-free mass at three months postpartum. The results suggest that the length of dietary supplementation during pregnancy should be at least 60 days before delivery in order to have an impact on the mothers' body composition.
In conclusion, the PNC nutrition intervention was beneficial to the community. Although the supplementation did not influence the quantity of breastmilk, it significantly changed its composition for the benefit of the babies' growth, particularly when the food supplement was based on millet.
